Action potential AP generation and propagation through the dendritic tree of pyramidal neurons has received much attention lately 1 . Experiments indicate that inhibitory postsynaptic potentials IPSPs have a decisive e ect in controlling action potential invasion in dendrites 2, 3 . H o wever, these phenomena were observed in slices, and remain to be investigated under in vivo conditions where neurons are subject to intense synaptic activity. Here, we h a ve combined computational models with intracellular recordings of neocortical pyramidal cells in order to investigate how spikes can be controlled by IPSPs in vivo.
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EXPERIMENTAL OBSERVATIONS
We obtained intracellular recordings of morphologically-identi ed pyramidal neurons n=42 from the parietal cortex areas 5-7 in barbiturate-anesthetized cats and compared APs evoked by synaptic inputs, antidromic invasion, or direct current injection methods were described in detail elsewhere 4 . The neurons were recorded within 1-2 mm of a ten-electrode array Fig. 1A .
Evidence was obtained that cortical stimuli delivered at di erent depths activate partially segregated sets of a erents that preferentially end at corresponding cortical depths, thus exerting maximal e ects on di erent compartments of pyramidal neurons. As shown in input resistance 63 8.4 compared to 27 5.1 than those elicited by super cial cortical stimuli. These di erences were statistically signi cant paired t-test, p 0.05.
Using this paradigm, we i n vestigated the e ect of synaptic activity occurring in di erent somatodendritic compartments on the shape of the somatic action potential. The intensity of the cortical stimuli was adjusted to just above the spike threshold from rest. In pyramidal cells recorded with KAc pipettes n=29, orthodromic spikes were reduced in amplitude and duration To ensure that these di erences between current-evoked and orthodromic spikes did not re ect di erences in the slopes of the depolarization triggering the APs, we investigated the in uence of sub-threshold cortical shocks on APs evoked by i n tracellular current pulses adjusted to elicit spikes in 50 of the trials. As shown in Fig. 1D , the amplitude of the direct spikes remained constant Fig. 1D1 , whereas the amplitude of spikes a ected by IPSPs was progressively decreased by up to 8 mV as their latency increased Fig. 1D2 .
To assess the relative importance of local changes in input resistance and membrane potential in these phenomena, pyramidal neurons were recorded with KCl pipettes n=30. Whereas in cells recorded with KAc pipettes the IPSP reversals averaged - 
COMPUTATIONAL MODELS
Computational models were based on a cellular reconstruction provided by R . Douglas and K. Martin Fig 2A and were simulated using NEURON methods were described in detail elsewhere 4 . The cell was corrected for spines and an axon hillock and initial segment w ere included. Passive parameters were estimated by tting the model to a voltage trace from a layer V cortical pyramidal cell recorded in the present series of experiments Fig 2B. Active currents were inserted into the soma, dendrites and axon with di erent densities in accordance with available experimental evidence 6 . Na + channel density w as low in soma and dendrites 70 pS m 2 as in adult pyramidal cells 6 range tested 20-100 pS m 2 , but was high in the axon, as indicated by experimental 7 and modeling studies 8, 9 . The delayed-recti er was also distributed uniformly in the dendrites and no calcium currents were included. All currents were described by Hodgkin-Huxley equations, and two di erent kinetic models were tested for Na + and K + channels 8, 1 0 with negligible in uence on the present results.
The relative density of glutamatergic and GABAergic synapses in di erent regions of the cell was distributed based on morphological data reviewed previously 11, 1 2 . Glutamatergic synapses were located exclusively in dendrites at more than 40 m a way from the soma. GABAergic synapses were located in all compartments of the neuron, with the highest density in the somatic region 11, 12 . Synaptic currents were simulated using kinetic models of postsynaptic receptors 13 . The depth-dependent features of To simulate the e ect of Chloride injection Fig. 1E , the IPSP reversal potential was changed to -55 mV. The signi cant attenuation observed in these conditions Fig 2E shows that the increased conductance due to IPSPs shunt only accounts for about 60 of spike attenuation. Removing dendritic Na + channels Fig 2F accounted for the remaining 40 of spike attenuation, showing that dendritic Na + currents signicantly contribute to action potential amplitude. The full attenuation of spike amplitude could be accounted by combining this e ect with the shunt described above Fig 2F, lowermost curve.
The model therefore suggests that spike amplitudes are reduced proportionally to the dendritic area that is shut-o " by IPSPs, resulting in a spike that contains less or no participation from dendritic Na + channels. In addition, there is an important current leak through the open channels underlying the IPSPs, resulting in further attenuation. These two factors diminish in importance with more super cial stimuli.
A corollary observation is that, by preventing the participation of dendritic Na + channels, IPSPs suppress spike backpropagation in distal dendrites Fig 3. Backpropagating action potentials are fragile 2, 3, 14, 15 and the present simulations show that they can be suppressed by small-amplitude IPSPs. As these IPSPs are well within the range of spontaneous IPSPs occurring in vivo see Fig 1D4, our results corroborate recent optical imaging evidence that spike-related calcium transients remains con ned to proximal dendrites in vivo 16 .
CONCLUDING REMARKS
In conclusion, by combining computational models with intracellular recordings of neocortical pyramidal cells in vivo, w e provided a plausible explanation for our experimental observations on how action potential are controlled by IPSPs in these cells. Models and experiments suggest that IPSPs a ect action potentials by t wo mechanisms: a s h unt e ect due to the opening of ion channels underlying the IPSPs, and a voltagedependent e ect by preventing dendritic Na + channels to participate to the somatic spike. Further, we suggest that under conditions of synaptic activity that occurs during active states in vivo, the conductance shunt and the voltage-dependent e ect of synaptic inputs do not provide favorable conditions for backpropagating action potentials 17 .
